Transmission tests of maize mutants induced by ultra-violet radiation by Sprague, G. F.
Volume 25
Number 292 Transmission tests of maize mutants
induced by ultra-violet radiation
Article 1
August 1941
Transmission tests of maize mutants induced by
ultra-violet radiation
G. F. Sprague
U.S.D.A.
Follow this and additional works at: http://lib.dr.iastate.edu/researchbulletin
Part of the Agriculture Commons, and the Agronomy and Crop Sciences Commons
This Article is brought to you for free and open access by the Iowa Agricultural and Home Economics Experiment Station Publications at Iowa State
University Digital Repository. It has been accepted for inclusion in Research Bulletin (Iowa Agriculture and Home Economics Experiment Station) by
an authorized editor of Iowa State University Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Sprague, G. F. (1941) "Transmission tests of maize mutants induced by ultra-violet radiation," Research Bulletin (Iowa Agriculture and
Home Economics Experiment Station): Vol. 25 : No. 292 , Article 1.
Available at: http://lib.dr.iastate.edu/researchbulletin/vol25/iss292/1
Aug ust, 1941 Research Bulletin 292 
Transmission Tests of Maize 
Mutants Induced by 
Ultra ... Violet Radiation 
By G. F . SPRAGUE 
AGRICULTURAL EXPERIMENT STATION 
IOWA STATE COLLEGE OF AGRICULTURE 
AND MECHANIC ARTS 
FARM CROPS SUBSECTION 
AGRONOMY SECTION 
BUREAU OF PLANT INDUSTRY 
UNITED STATES DEPARTMENT OF AGRICULTURE 
Cooperating 
AMES. IOWA 

CONTENTS 
Page 
Introduction __________________________________________________________________________ ~9 
Description of mutants ____ __ __________________________________________________ .f89 
Fa transmission tests of naturally occurring and ultra-
violet induced mutations ____________________________________________ 495 
Male and female transmission tests ________________________________ -998 
Concomitant derangements ____ ____________________________________________ .6"00 
Discussion ______________________________________________________________________________ "'{03 
Literature cited ____________________________________________________________________ ~07 
SUMMARY 
Brief descriptions are presented for various ulba-violet-
induced changes. Among 78 inviable types, the mutant type 
was recovered in F 3 in 71 cases. In several instances the 
mutant type appeared in low ratios. This tendency was 
most marked in the segregations for "germless" seeds. 
Male and female transmission tests were made with 24 
viable mutant types. In 15 cases the male and female trans-
mission rates were not significantly different. In the re-
maining nine cases male and female transmission rates were 
unequal, and in two instances transmission through the male 
gametophyte was significantly greater than through the fe-
male. 
Several of the cases of concomitant mutation or derange-
ment (two or more induced changes in the same gamete) 
were shown to be separable in F3 and hence probably of 
separate origin. The distribution of sperms within the pol-
len grain and the high absorption of ultra-violet radiation 
by the pollen grain and its contents offer a satisfactory ex-
planation for the observed high rate of concomitant derange-
ment. 
It is concluded that at least some of the induced changes 
studied must have been intra-genic in origin. 
Transmission Tests of Maize Mutants 
Induced by Ultra ... Violet Radiation 1 
By G. F . SPRAGUE 2 
Investigations on the genetic effects of ultra-violet radia-
tion were begun at Missouri in 1934. The high absorption 
by nucleo-proteins of the ultra-violet region of the spectrum 
suggested that specific genetic alterations might possess dis-
tinctive wave-length relations. This has been found to be 
the case. For the purpose of this bulletin it is sufficient to 
say that the same types of genetic changes have been found 
following ultra-violet treatment as have been characteristic 
of X-ray studies, namely chromosomal rearrangements, de-
ficiencies and point mutations. There are, however, certain 
obvious differences. General summaries of these results have 
been presented (9, 10, 11). This bulletin is concerned with 
the validity of the classification of the various seed and seed-
ling changes as mutations and a study of the male and fe-
male transmission of these ultra-violet induced and spon-
taneously occurring mutations. 
The heritable variations used in this study were found 
during the course of investigations on the effectiveness of 
ultra-violet radiation and include both induced and spon-
taneously occurring changes. The technics used in irradia-
tion and the ultra-violet sources have been described in a 
previous report (11). 
The data will be presented in the following sequence: 
Description of the changes studied, proof that these changes 
are heritable, male and female transmission rates for the 
viable mutants and the coincidence of induced mutations. 
DESCRIPTION OF MUTANTS 
Many of the aberrant types found were phenotypically 
similar to previously reported mutants, and no detailed de-
scription of such types will be presented. In general the 
symbols used refer to groups of mutations of similar pheno-
1 The invesligations reported in th is paper were conducted at the Missouri 
Agricultural Experiment Station from 1934-38 and at the Iowa Agricultural 
Experiment Station (Project 182) from 1939-40 . At both institutions the 
work was in cooperation with the Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, U. S. Department of Agriculture, Washington, 
D. C. 
2 Agronomist, Division of Cereal Crops and Diseases, Bureau of Plant Indus-
try, U. S. Department of Agriculture, and collaborator Iowa Agricultural 
Experiment Station. 
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Figure. 1. Variability In expression of seedlings homozygous for the 
growing point factor Gp Gp. 
type rather than to specific mutations. The various mutants 
or mutant types which have been studied are listed below: 
Aborted Seeds: abo In aborted seeds the embryo and endo-
sperm are greatly reduced in size, and often only the 
flattened pericarp remains. Nine cases of this phenotype 
were studied, and in eight of these cases the mutant was 
recovered in the F 3 generation. 
Gametophyte Factor: gao This factor affects the rate of de-
velopment of the male gametophyte and is manifested 
only by its effect on the closely linked gene Pro Several 
genes of this type have been reported. Burnham (2) 
has presented evidence for three such genes on the 5th 
chromosome. 
Glossy: gl. Four glossy mutants were found. Upon cross-
ing with known glossies, two were found to be gh, one 
was g12' and intercrosses are still incomplete for the 
fourth. It has been shown not to be allelic to glossies 
I, 2, 3, 4, 5, 6 and 7. 
Germless: gm. Germless seed segregations have appeared 
with a rather high frequency. In most instances the 
embryo is completely lacking, but some scutellar tissue 
may be present. Thirty-seven cases were studied, trans-
mission being obtained in 30 cases. 
Growing Point: Gp. This unusual seedling type is character-
~1 
ized by two or more growing points, both plumule and 
radicle meristems being involved. Seeds have been found 
with as many as four plumules and radicles. These su-
pernumerary shoots are always diploid. As the number 
of growing points per seed increases, the size and vigor 
of the individual sprouts decrease as would be expected. 
An indication of the variability in the expression of Gp 
can be seen in fig. 1. Plants grown from Gp seedlings and 
selfed exhibit some normal seedlings in their progeny. Two 
selfed ears produced 34 normal seedlings and 79 with aber-
rant growing points. In the transmission tests (table 2) 
only two of the six ears exhibited a deficiency, while the re-
maining four ears exhibited an excess of Gp seedlings, which 
suggests that this may be a dominant mutation depending 
on two or more genes for its expression. Further data are 
needed to establish this point. 
Luteus: 1. Two cases of luteus seedling segregations were 
studied. In both, the mutant type was recovered in 1"3. 
Miniature: mn. Typical segregations for miniature seeds are 
illustrated in figs. 2a and b. The designation "miniature" 
has been applied when the small seeded segregates were 
about % to % normal size. Sixteen cases were studied, 
A 
Figure 2 a and b. Typical ears exhibiting segregation for miniature seeds. 
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and in every instance the character was recovered in the 
Fg generation. One of the miniature seed characters was 
found to be linked with the aleurone factor C with 24 per-
cent of crossing over. 
Necrotic: nco Necrotic seedlings were found in two cultures. 
Intercrosses indicated the two types to be allelic. Such 
seedlings are slightly yellowish green and retain this paler 
color until maturity. At about the third-leaf stage dark 
water-soaked areas which appear on the leaves gradually 
turn brown and die. The leaves roll and appear to suf-
fer from an acute water shortage. Mature necrotic 
plants are male sterile. 
Piebald: ph. Piebald seedlings are normal in appearance on 
emergence. Later, white patches appear, which in ex-
treme cases may be so extensive that the seedlings ap-
pear albino. Leaves emerging later are normal green, 
and the type is viable. 
Pale Green: pg. This type is pale green on emergence and 
is lethal similar to the pale green reported by Brunson 
(1). This mutant was found to be linked with the aleur-
one factor C with 35 percent of crossing over. 
Rudimentary: rd. Rudimentary seeds represent a third class 
of seed size segregations. The allocation to this group 
is often somewhat arbitrary and has usually been applied 
when the small seed segregates are between 112 to % 
normal size. Three cases of rudimentary seeds have been 
studied, in each the aberrant type was recovered in the 
Fg generation. 
Red Leaf: Rl. The induced change "red leaf" is inherited as 
a dominant. In the seedling stage the leaves are entirely 
red or streaked with red. At flowering time the RI 
plants are uniformly red throughout-leaves, stalk, an-
thers, husks, silks and cob. RI Rl cobs are a deep pur-
plish red, RI rl cobs are much lighter in color, the glumes 
appearing faintly pink or white streaked with red. This 
type has been difficult to maintain, because the original 
mutation was practically . earless and shed pollen very 
poorly. 
Rolled: roo On emergence the leaves of "rolled" plants are 
tightly rolled and adherent. If the leaves are carefully 
unrolled, a few seedlings survive to produce normal plants. 
Speckled Dwarf: sd. This type occurred in a control culture. 
Classifications can usually be made any time after the 
4th or 5th-leaf stage. The mature plants are approxi-
mately one-half the size of their normal sibs, and the 
leaves are covered with small light green spoti:;. Speckled 
Figure 3. F em a le and m a le transmission of a v irescent s eedling t ype 
found in a control culture. T ests with this virescent in 1938 ga v e normal 
fe m a le (left) a nd no male tra n smiss ion ( right) . In 1939, both m a le a nd 
f em a le transmiss ion w ere norma l. 
dwarf plants produce ears but do not shed pollen. 
Stripe: str. The induced seedling changes designated as 
"stripe" are characterized by narrow longitudinal white 
stripes on a norma.l green background. Striping may be 
apparent on emergence or may develop after the second 
leaf stage. This general type has been found three times. 
For two cases male and female transmission data are pre-
sented, and in the third instance the type was recovered 
in F3 generation. 
Sugary: suo This mutant occurred in an F 2 family homo-
zygous Su Su except for one ear .3-8. Contamination 
can be ruled out by the segregation of marker genes car-
ried by the treated male parent. Male and female trans-
mission were normal. 
Thin: tho The seed character designated "thin" differs from 
the other seed size segregation in that the reduction in 
size is limited almost entirely to the thickness dimension. 
The type was recovered in F3. 
Virescent: v. Seven seedling types designated as virescent 
were studied. Three of these were lethal, and four were 
viable. Two are of special interest. The first was found 
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in a control cul-
ture. In the trans-
mission tests made 
in 1938 no male 
transmission was 
found (fig. 3). In 
the 1939 tests 
both male and fe-
male transmission 
were normal. 
The second case 
is of interest be-
cause it exhibits 
normal green sectors 
on a vires cent back-
ground. Occasion-
ally green plants ex-
hibit virescent sec-
tors. Among the 
plants of this latter 
type which have 
been studied, all 
were found to be 
heterozygous. It is 
l_ believed that the sec-
tors on these two Figure 4_ A.n ultra-violet induced virescent 
mutant which exhibits reverse mutations to the kinds of plants rep-
normal green. res e n t mutations 
from v to V and V to v respectively. If this is true it differs 
from most mutable genes in that mutation occurs in both 
directions. 
It is not known whether the high mutability from v to V 
ceases with the seedling stage. After the seedlings have 
greened it is impossible to detect further somatic mutations. 
If such mutations occur in the growing point, mutant sectors 
should appear occasionally in the tassel and ear. Tn limited 
tests no such sectors have been found. 
White: w. Three cases of white seedling segregations have 
been studied, one of which was found in a control culture. 
All were recovered in the F 3 generation. 
White Tip: wt. The character "white tip" is exhibited on 
the first and sometimes the second and third leaves (fig. 
5). Two alleles have been found, one in 1935 and the 
second in 1937. This second allele in addition to being 
white tipped is also yellow-green. 
In the F 2 of outcrosses to determine linkage, some fami-
~5 
lies were found in which the recovered wt character was 
yellow rather than white. In one family segregating 3: 
1 for colored and colorless aleurone (constitution unknown), 
all seedlings from colored aleurone seeds were white tipped 
and all seedlings from colorless seeds were yellow tipped. 
The following data suggest that the wt gene is on the ninth 
chromosome: Wx Wt 43, Wx wt 18, wx Wt 23, wx wt 1, 
the indicated percentage of crossing over being 21.5. 
Yellow-Green: yg. Three yellow-green segregations were 
studied. In two cases the yellow-green seedlings were 
lethal and in the third completely viable, the mature plant 
being normal green in color. 
Fa TRANSMISSION TESTS OF NATURALLY OCCURRING 
AND ULTRA-VIOLET INDUCED MUTATIONS 
As indicated above many of the mutant types w:ere in-
viable in the homozygous condition. The transmission data 
presented on such types deal with their recovery in Fa. 
Seventy~eight ears exhibiting F2 segregations were studied. 
In 71 of these the aberrant F2 type was recovered in Fa. The 
data are presented in summary form in table 1. 
One marked feature of the data in table 1 is the tendency 
for the recessive class to be recovered in Fa in frequencies 
below the expected 25 percent. The observed percentage 
Figure 5. The two wt a llel es ; the two plants a t the left are normal green 
with white tip, the two at the right are y ellow green with white tip. 
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TABLE 1. RECORDS BY FAMILIES OF THE SEGREGATIONS 
OBTAINED IN THE F. GENERATION FOR 71 INVIABLE MUTANTS. 
Parent ear I ~utant /-==-___ N_u-,.m_b_e_r_o_f_e_a_r_s __ ,..-__ _ H~~~f,;!~tUS Heterozygous Total 
20429164 - a 
20-429:1-30 2 3 5 
20-416-23 .. 2 1 3 
20-419-70 .. 4 7 11 
20-432.1-16 .. 0 5 5 
20-434.2-1 a b 
I 
3 
I 
1 
I 
4 
I 
20-434.1-37 1 1 2 
16-519.1-34 g ~;l 2 2 4 
16-518 .1-50 3 4 7 
20-421-2 .. I 5 2 7 
20-427-76 g~ 
I 
7 I 4 
I 
11 
I 
16-534.1-75 7 8 15 
16-522.1-37 .. 5 1 6 
16-522.1-41 .. 3 I 3 6 16-522.1-21 .. 3 5 8 
16-513.2-25 g~ 
I 
0 
I 
4 
I 
4 
I 
16-525.1-8 13 11 24 
16-526.1-3 .. 2 1 3 
20-42 8. 1-35 .. 3 6 9 
20-428. 1-16 .. I 0 3 3 
20-429.1-64 g~"!1 
I 
1 
I 
5 
I 
6 
I 
18-1415.2-119 4 1 5 
20-40 8. 1-1 9 .. 2 1 3 
20-411.1-11 .. I 7 6 13 20-430.1-21 " 4 3 7 
20-430.1-1 00 g~ 
I 
1 
I 
3 
I 
4 
I 
20-430.1-90 1 5 6 
20-431.1-9 .. 5 3 8 
20-415.1-106 .. 3 5 8 
20-415.1-135 .. 4 1 5 
20-416-106 g~ I 1 
I 
1 
I 
2 
I 
20-416-46 5 2 7 
20-415.1-55 .. 
I 
3 2 5 
20-450.1-21 " 2 4 6 
20-453.1-18 " 2 1 3 
18-1405.2-78 g~ 
I 
3 
I 
1 
I 
4 
I 
20-434.1-5 1 4 5 
18-1413.3-5 I 4 9 13 
20-99-3 I 3 8 11 
20-17.1-6 mn 1 1 2 
20-65.1-4 mn I 2 
I 
9 
I 
11 
I 
20-405.2-7 0 1 1 
20-411.1-27 " I 2 4 6 
20-428.1-24 .. I 2 2 4 20-428.1-28 " 3 1 4 
20-428.1-16 mn I 0 
I 
4 
I 
4 
I 
20-115-3 0 3 3 
20-407.1-8 " I 0 1 1 20-408.1-135 " 1 2 3 
20-430.1-15 " I 0 5 5 
20-430.1-43 mn 
I 
1 
I 
1 
I 
2 
I 
20-416-53 0 1 1 
20-415-106 .. 4 4 8 
20-433.1-2 .. 0 3 3 
20-434.2-3 .. 1 3 4 
20-429.1-31 pg 
I 
0 I 7 
I 
7 
I 
20-428.1-35 I'd 5 4 9 
20-428.1-30 1 
I 
5 6 
20-429 .1-13 " 1 1 2 
16-516 ro 0 2 2 
• sd 
I 
2 
I 
4 
I 
6 
I 
16-522.1-25 str 3 7 10 
20-428.1-42 th 3 1 4 
16-534.1-50 v 3 3 6 
16-514.1-15 v I 0 2 2 
20-428.1-40 v 8 3 I 11 I 20-421-1 • w 1 10 11 
20-432.1-92 w 0 3 I a I 
20-434.1-30 w 6 3 
I 
9 
I 16-530.1-22 yg 4 6 10 16-513.4-1 yg 2 5 7 
• Mutations which appeared in control cultures. 
Mean 
percent 
recessives 
264 
28.5 
25.2 
15.5 
8.4 
9.4 
25.7 
25.3 
22 .7 
16.7 
27.4 
14.6 
25.2 
19.2 
16.9 
20. 8 
1 3.5 
36. 8 
40.6 
19 .8 
13.6 
11.4 
24 .9 
16.6 
15.3 
18.9 
18.9 
24 .3 
10.8 
22. 8 
14 .5 
8.0 
8.3 
23.1 
17.6 
9.4 
14.1 
25.3 
25.0 
19.5 
23.5 
28.3 
15.9 
14.1 
37.5 
20.6 
20.7 
43.8 
14.9 
20.7 
12.8 
24.4 
14.3 
25 .2 
19.4 
28.5 
19.8 
31.1 
20.3 
16.8 
28.7 
21.2 
25.0 
14.4 
31. 7' 
15.2 
25 .6 
22.3 
23.2 
11.4 
28.6 
~7 
of recessives is below 23 percent in 43 families and above 27 
percent in only 11 families. This clearly indicates a reduced 
transmission of these recessive types. Considering all of the 
71 families as a group, the ratio of homozygous dominant 
to heterozygous ears is 179 to 256. This significant devia-
tion from a 1 : 2 ratio also suggests a reduced transmis-
sion of the recessive type. The data cannot be considered 
as critical, however, because the number of ears in each Fs 
family was too small to apply rigorous tests of significance. 
The deviation from the expected 1 : 2 ratio probably is sig-
nificant only for the seed segregations, of which group the 
germless types make up the largest number. 
Control ears frequently exhibit germless seeds in low 
ratios, varying in frequency with different families. This 
precludes the detection as mutants of those cases in which 
the recessives appear in low frequencies. However, the data 
clearly show that several of the gm segregations detected in 
F 2 represent clear-cut mutations with regular transmission in 
the F g • In the remaining germless cases it is believed that 
although the percentage of recessives is distinctly low, it is 
sufficiently high for them to be considered of mutant origin. 
The other seed and seedling characters listed in table 1 
are similar to "germless" in their inheritance. Some cases 
exhibited normal segregations in F2 , and the mean percent-
age of recessives in Fs was approximately 25 percent. In 
several instances a particular mutant type was observed in 
low ratio in F 2 • and when recovered in Fs these low ratios 
tended to persist. 
In one instance transmission tests were continued in F 4 • 
The parent ears chosen exhibited 11.3 and 16.2 percent of 
virescent seedling. In F i the mean percent of virescent seed-
lings for these two families was 18.0 and 20.7 respectively. 
The improved transmission suggests that at least a portion 
of the low transmission observed was due to the presence 
of modifying factors and not to the mutant genes per se. 
As a test for the presence of modifiers these two families 
were examined for homogeneity (3). In one of these, X2 
indicated a significant heterogeneity. 
Six of the seven cases in which transmission was not es-
tablished fall into one of two categories, either 1. the per-
centage of recessives on the parent ear was low or 2. the 
parent ear was poorly developed, having only a few seeds. 
In either event it was the practice to record such apparent 
segregations as questionable mutants at the time of classi-
fication. Thus the failure to establish transmission in these 
cases in no way detracts from the value of the evidence pre-
sented in table l. 
The one case which did not fit into either of the above 
-4il8 
categories was found in a control culture. On classifica-
tion 95 Gm and 25 gm kernels were recorded, which is a close 
approximation to a 3 : 1 ratio. Four of the six Fa ears ob-
tained exhibited germless seeds, but the frequencies were 
no higher than are found occasionally on ears which are 
known to be Gm Gm in constitution. The two remaining 
ears exhibited no germless seeds. 
MALE AND FEMALE TRANSMISSION TESTS 
If the ultra-violet induced mutations are simple intra-
genic changes uncomplicated by modifiers, transmission 
through the male and female gametophytes should be simi-
lar, and the recessive class should approximate 50 percent 
in back-cross progenies. If the changes observed are due 
to short deficiencies or to genes affecting the functioning of 
the gametophyte, male transmission may range from zero 
to 50 percent depending upon the length of the deficiency or 
the vitalness of the genes involved in the deficient section to 
. the life and functioning of the gametophyte. 
Data on female transmission were obtained from crosses 
in which the heterozygote was used as the seed parent and 
the recessive as the pollen parent. The reciprocal cross pro-
vided data on male transmission. Considerable difficulty was 
experienced in obtaining adequate numbers because the re-
cessi ve types eared poorly or were enough later than their 
normal sibs to make crossing difficult. Transmission tests 
were made with 24 viable mutants (table 2). 
In the first part of table 2 transmission data are pre-
sented for 15 mutants. In each of these cases male and fe-
male transmission rates are essentially equal. This situa-
tion would not be expected if the induced changes were de-
ficiencies, since all previous work has indicated these to be 
transmitted more readily through the female than through 
the male gametophytes. In two instances, however, (mn 
and v) the observed ratios depart widely from the 50 percent 
of recessives expected. Even in these cases, whatever factor 
or factors have contributed to the low transmission have af-
fected the male and female gametophytes similarly. 
In the second part of table 2, transmission data are pre-
sented for nine cases involving unequal male and female 
transmission. In five cases the female transmission rate is 
significantly higher than that of the male. This is the trans-
mission behavior which would be expected if short deficiencies 
were involved. In the last four cases, however, male trans-
mission was higher than the corresponding female transmis-
sion rate. In the last two of these cases the differences are 
highly significant. No explanation is offered as to the me-
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TABLE 2. FREQUENCIES OF RECESSIVE ALLELES IN BACKCROSS 
PROGENIES TESTING MALE AND FEMALE TRANSMISSION RATES 
OF VARIOUS INDUCED MUTANTS. 
Parent ear I 
20-407.1-8 
20-429.1-62 
20-429.1-56 
20-407.1-14 
20-450.1-54 
16-533.1-19 
20-438·18 
20-432.1-68 
16-522.1-25 
18-1427.3-8 
20-412.1-20 
16-505.1-8 
20-430.1-16 
20-432.1-58' 
20-429.1-16 
20-403.1-6 
20-416-61 
20·405.2-4 
20-429.1-71 
20-429.1-2 
20-432.1-58 
20-430.1-58 
20-450.1-21 
Mutant 
type 
I 
Percent tranSlnission of 
mutant 
Male Female 
Equal transmission rates I 
mn 11.1 14.0 
48.9 49.2 
.. 44.4 41.2 
wt 47.2 48.9 
gh 47.0 48.3 
gb 50.3 49.4 
gIg 49.9 52.2 
v' 50.6 50.2 
y 45.3 44.7 
yg 47.2 48.6 
SUt 50.3 49.9 
nc 48.7 -
Rl 54.8 61.5 
mn 11.5 12.4 v··· 39.2 34.6 
Unequal transmission rates 
ga** 7.0 51.9 
mn 23.8 41.2 
th 13.7 40.8 
pb 12.7 46.4 
str 18.2 36.0 
mn 25.4 16.6 
v*** 47.5 41.7 
str 31.1 22.1 
Gp 56.5 44.0 
, Mutations which appeared in control cultures. 
Number of 
individuals 
1085 
2589 
970 
1528 
965 
594 
917 
1113 
1622 
1111 
2883 
610 
94 
606 
684 
1648 
763 
568 
1732 
1527 
955 
335 
870+ 543 
" Segregation for this gene is apparent by the distortion of the Pr: pr ratio • 
• ,. These two mutations were found in the same selfed ear. 
t Differences are highly significant. 
chanism involved, but such results are not typical of any 
deficiencies previously studied. 
In the early phase of these experiments heterozygous 
plants that were segregating for defective pollen were out-
crossed to multiple recessive stocks to locate the chromosome 
carrying the pollen defect. In several cases defective pollen 
has been shown to be associated with a marker gene. 
In an Fl progeny heterozygous for C and Wx a plant was 
found which exhibited a 50-percent segregation of the pol-
len type designated as subnormal. When outcrossed to a 
multiple recessive the following frequencies were recorded: 
C Wx 37, C wx 22, c Wx 20 and c wx 108, indicating a marked 
deficiency of the C and Wx alleles (treated). In the follow-
ing generation when plants with normal pollen were used 
as male parents both C and Wx were transmitted in normal 
ratios. When plants segregating for defective pollen were 
used as male parents, the Wx and C alleles (treated) con-
stituted 17.5 and 30.3 percent of the back-cross population 
respectively. 
The second case involved the fourth chromosome alleles 
Su and suo The segregating plant when outcrossed to a 
.,Joo 
su su stock produced 38 Su and 289 su seeds. Female trans-
mission was normal whether the plants were normal or were 
segregating for defedive pollen. When Su su plants segre-
gating for defective pollen were used in male transmission 
tests, the Su (treated) allele functioned in the production of 
only 9.6 percent of the seeds. 
Ultra-violet treatment has been shown to increase greatly 
the percentage of plants exhibiting defective pollen segrega-
tions (11). Such segregations may result from heterozygous 
translocations, inversions, deficiencies or gene mutations. 
Large numbers of plants segregating for defective pollen 
have been examined cytologically. In no case has it been 
possible to demonstrate the presence of an internal defi-
ciency. It seems logical, therefore, to conclude that the dis-
torted transmission in the two cases just cited should not 
be explained on a deficiency basis, as both genes are known 
to be well in from the ends of the chromosomes. In the 
C Wx case, Wx is known to be proximal to C and yet ex-
hibits the lowest transmission rate. 
CONCOMITANT DERANGEMENTS 
Data have been presented (11) suggesting that con-
comitant derangements (two or more induced changes in the 
same gamete) occur more frequently than would be expected 
on the basis of chance. It remains to be determined whether 
these changes are of separate origin or pleiomorphic effects 
of a single change. A total of 13 such cases has been studied 
in the Fa and F4 generations. 
The first case of concomitance exhibited three segrega-
tions; defective pollen, germless seeds and pale green seed-
lings. Of the nine Fa plants, eight were segregating for 
defective pollen, five segregated for pale green seedlings, 
and none had a clear-cut segregation for germless seeds. Ears 
of plants segregating for defective pollen produced seedling 
progenies of two types, homozygous green, and segregating 
green and pale green. This indicates that the defective pol-
len segregation and the pale green seedling type are separable. 
Since the germless seeds were not recovered it can hardly 
have had the same origin as the defective pollen or pale 
green complexes. 
The second case exhibited two segregations, defective 
pollen and a small seed character. Only three F3 plants 
reached maturity in this pedigree, none of which exhibited 
a defective pollen segregation. Two of the three ears were 
segregating for small seed size. The two effects apparently 
were different in origin. 
The third case also involved two induced changes, defec-
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tive pollen and germless seeds. Of the eight F3 plants reach-
ing maturity, one exhibited a defective pollen segregation, 
and for one plant no pollen sample was obtained. Among 
the plants with normal pollen, two were segregating for 
germless seeds. The one plant segregating for defective 
pollen exhibited a high percentage of germless seeds. The 
two effects are clearly separable. 
The fourth case involved segregations for defective pollen 
and germ less seeds. Three of the nine F3 plants had defec-
tive pollen segregations, but only two of them produced ears. 
Of the six plants with normal pollen only three developed 
ears. All of the ears were segregating for germ less seeds 
in low ratios. The percentage of germless seeds is higher 
on those plants segregating for defective pollen. As the per-
centage of germless seeds is low for all ears, it cannot be 
said positively that these changes are of separate origin 
though this seems probable. 
Defective pollen, germless seeds, adherent and small seed-
lings were involved in the fifth case. Fourteen F3 plants 
were obtained, 10 of which produced ears. Only two plants 
segregated for defective pollen. One of these was barren. 
The other segregated for adherent seedlings and for germ-
less seeds in a low ratio with no small seedlings observed. 
Among the remaining nine selfed ears separation of the ad-
herent, small and germless characters was obtained. 
The sixth case involved segregations for defective pollen, 
germless seeds and seed size. The parent plant had some 
defective pollen of a mixed type. No pollen segregation was 
observed among 24 Fa plants. The F3 ratios clearly indicate 
the independence of germless and small seeds. At least two 
of the original effects must have been different in their 
origin. 
Miniature seeds and dwarf seedlings were involved in the 
seventh case. The two effects were separated in F 3. 
Small and germless seeds were involved in the eighth 
case. Eight selfed ears were obtained from the F3 progeny. 
Two ears segregated for seed size, five for germless seeds 
and only one for both the seed size and germless condition. 
The two characters were clearly independent. 
The ninth case involved germless seeds and white seed-
lings. Among 13 F3 ears, one segregated for germless, four 
for white seedlings and three for both white seedlings and 
germless. The two effects were separable in F 3 and hence 
different in origin. 
The tenth case involved the seedling characters, glossy 
gl and virescent v, both of which appeared in low ratio in the 
original F2 ear. Intercrosses indicated that this glossy muta-
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tion was allelic to gh. The vires cent type has not been iden-
tified. 
An attempt was made to obtain transmission data on these 
two characters by crossing the recessives with their normal 
sibs. The resulting data were not satisfactory for this pur-
pose, but they did serve to indicate that the two characters 
were separable. 
The eleventh case involved germless seeds and two seed-
ling characters, yellow-green and white. The character gm 
was separated from yg and w in three instances; yellow-
green and white were separated in only one instance. In 
the progenies free from the gm segregation the ratio of 
Y g : yg: w approximates a 9 : 3 : 4 ratio. The observed 
frequencies are 85 Yg : 34 yg : 39 w. The expected fre-
quencies for this ratio are 89 : 30 : 39, which is a satis-
factory fit. 
The twelfth case involved two virescent seedling types. 
These two types differed phenotypically, one being a light 
type which greens slowly, the other a yellowish virescent 
which greens much faster. The original progeny contained 
approximately nine green to seven virescent seedlings. The 
seven Fa ears fell into three groups, 1. homozygous normal 
green and segregating progenies approximating, 2. ratios of 
three green to one virescent and 3. nine green to seven 
virescent seedlings. The effects are clearly separable and 
different in origin. 
The last case involved germless seeds and virescent seed-
lings both of which appeared in low ratios. All heterozygous 
Fa progenies segregated for both the virescent and germ less 
condition. If the association of these two characters were 
due to close linkage, both having been induced by the treat-
ment, one should expect nearly complete elimination of the 
virescent type due to its association with the lethal char-
acter gm. Such was not the case. A second possibility" is 
that the two effects may be the result of a single mutation 
which may condition embryo abortion or if the embryonic 
stage is passed safely, virescent seedlings. This explana-
tion seems plausible since the sum of the virescent and germ-
less types approximates 25 percent. If additional evidence 
supports this supposition, this case should not be included in 
the concomitant group. 
In none of the above cases has it been definit ely shown 
that the various effects were non-separable. In 12 of the 
13 cases the two or more induced changes were shown to 
be separable and therefore different in origin. 
The high frequency of concomitant derangements is read-
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Figure 6. Distribution of sperm nuclei In 
corn pollen grains. The pollen grains were vis-
u a lized as composed of five concentric shells, 
and the pos ition of each sperm nucleus was de-
termined from serial sections. (The data on 
which this figure is based were collected by 
James W. Cameron.) 
ily explained by the 
distribution of the 
sperms in the pollen 
grain. 
Visualizing the 
pollen grain as 
spherical and made 
up of five concentric 
shells, it has been 
found that the distri-
bution of sperm 
nuclei is not random. 
The observed distri-
bution of 134 sperms 
is illustrated in fig. 
6. Uber (14) has 
shown that ultra-
violet radiation is-
highly absorbed by 
the pollen grain con-
tents. Absorption is 
so complete that 
very little radiation 
penetrates the lower half of the pollen grain. When 
the grains are so oriented that the sperms lie in the 
upper half of the pollen grain they receive a heavy treat-
ment; conversely, when the sperms are located in the lower 
half they receive little or no radiation. Thus any sample of 
pollen exposed to ultra-violet radiation is a complex mixture: 
of grains the sperms of which have received heavy, inter-
mediate or no radiation. This condition results in mutation 
rates which are too low in terms of the heavily treated grains. 
If the pollen grains which receive no effective treatment, be-
cause of the position of the sperms, could be eliminated,.:it 
is probable that the observed rates of concomitant effects. 
would not be out of line. The high mutation rates which 
have been obtained from the heaviest treatments suggest 
that the majority of pollen grains receiving a heavy effec-
tive radiation carry one or more induced changes. 
DISCUSSION 
In the preceding pages a variety of genetic types have 
been described and data presented on their inheritance and' 
transmission. The great majority of the induced changes 
are heritable, although in several cases the observed frequen-
cies of the aberrant types are not in close agreement with 
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expectation. The mode of origin of these induced changes 
is a problem of considerable theoretical importance. 
The term mutation has been used in a very hroad sense, 
ranging from duplication of chromosome sets, single chromo-
somes or fragments down to intra-genic changes . Usually 
the term "mutation" is only a label covering our ignorance 
of the exact change involved. In practice it may be applied 
to quite different phenomena. The term gene mutation as 
commonly used includes all changes which satisfy certain 
simple breeding tests. As more detailed information is ac-
cumulated about a specific "gene mutation" it may be found 
that the change belongs in a different category. Bar eye 
in Drosophila is a case in point. 
Prior to 1933, it was generally believed that deficiencies 
and intra-genic changes were quite different in their be-
bavior. Deficiencies were believed to be gametophytic lethals 
and consequently not transmitted. However, Stadler (8) has 
described deficiencies which simulate mutations in breeding 
behavior. These cases are female transmissible and have 
been called haploviable deficiencies. No deficiencies in maize 
bave been reported which are male transmissible. 
It has been definitely established that chromosome break-
age is one of the results of irradiating pollen grains with 
ultra-violet (10). With this background of information one 
of the simplest explanations of the induced changes described 
in this bulletin is that they represent deficiencies. On this 
basis it would be assumed that the variation in transmissi-
bility, exhibited by the various changes reported, is due 
either to variations in the amount of deficient chromatin ma-
terial or to its vitalness to the functioning of the game-
tophyte. 
The non-transmissible effects would be considered as 
deficiencies which involve chromosome segments vital to the 
life of the gametophyte. Furthermore, when shorter or less 
vital segments are involved, the change might be expected 
to be female transmissible with a lower rate of male trans-
mission, and finally if the deficiency is sufficiently short, both 
male and female transmission could be expected to be normal. 
Thus there is a rough correspondence between these sup-
positions and the data on breeding behavior which have been 
presented. 
The explanation of all induced changes on the basis of 
deficiency meets with some difficulty. Muller (5) and 
Timofeeff-Ressovsky (13) and Suche et al (12) have re-
ported reverse mutations in Drosophila, and Horlacher a:nd 
Killough (4) have presented similar evidence for cotton. 
These instances suggest that if the original character was 
due to a deficiency, the reverse mutations must arise through 
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the replacement of the lost segment. The workers listed 
above are in agreement in their interpretations of these 
changes as being intra-genic. 
In the present case also the simple deficiency explanation 
meets with several rather serious difficulties. The work of 
Singleton (6), Singleton and Clark (7) and unpublished work 
cited by Stadler (10) indicates that ultra-violet deficiencies. 
are apparently terminal. Because of non-homologous pair-
ing in maize, it would be difficult to prove that a break had 
not occurred near the end of the chromosome followed by 
the reattachment of the broken end of a broken chromosome 
arm. However, it can be definitely stated that chromosome 
buckling, characteristic of internal deficiencies, has never 
been observed in ultra-violet treated material. In the case 
involving the defective pollen segregation and the marker 
genes C and Wx, the data indicate that the induced change 
was proximal to wx. If this is regarded as a deficiency then 
it would have to be internal. The same arguments apply 
to the transmission of the Su and su alleles. The su gene 
is near the center of the fourth chromosome genetic map. 
If the defective pollen segregation and the distortion of Su 
transmission is due to a deficiency, the deficiency must be 
internal or terminal involving the major portion of one 
chromosome arm. The latter possibility can be excluded be-
cause diakinesis preparations indicated 10 normal bivalents. 
If a terminal deficiency involving the major portion of one 
chromosome arm were present it would be visible in dia-
kinesis figures. 
The majority of the mutants listed here are still unlinked. 
In a few instances, however, the approximate locations of 
the induced mutants are known. These cases are PI', SU1, 
gh and g12' none of which is terminal. Since no internal 
deficiencies have been observed in pachytene preparations, 
this mode of origin would seem to be precluded. Therefore 
these changes must have arisen through mutation. 
The second objection to deficiency as the cause of the 
various induced changes arises from the two cases in which 
male transmission is significantly in excess of the female 
transmission rate. It is conceivable that deficiencies could 
occur which have a greater effect on the female than the 
male gametophyte, but no such case has been reported. 
A further obstacle to the deficiency explanation is the 
mutable virescent type. If the original change from normal 
to virescent seedling was due to the loss of a chromosome 
segment, then the occurrence of normal sectors in virescent 
seedlings would seem to require the replacement of the seg-
ment originally lost. This is very unlikely as this virescent 
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mutant is male transmissible and exhibits the same mutable 
·characteristic when re-isolated after outcrossing. 
The Rl mutant is dominant to normal with respect to cob 
color. Aside from the reverse mutations in cotton reported 
by Horlacher and Killough (4) this is the first induced domi-
nant mutation recorded among plants. X-ray-induced domi-
nant mutants have not been rare in Drosophila experiments. 
However, in the great majority of these cases the homozy-
gous mutant type is lethal. Furthermore, when such cases 
are examined cytologically they have been found to be as-
sociated with a deficiency or some chromosome derangement. 
The fact that the RI character is dominant and viable sug-
gests that it has some basis other than deficiency. If it 
-does represent a deficiency then it must belong to a new 
-type, male-transmissible and haplo-viable. 
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